Abstract-A firing scheme based on a microprocessor to control an antiparallel-connected three-phase thyristor dual converter is presented. Using table-look-up algorithm to speed up the response, it gives a full range control of the firing angle between 0°and 180°for both positive and negative current control. The maximum time delay required to correct the firing angle is one-sixth period of the ac power source. The firing angle between 120°and 180°is used for the regeneration braking to achieve the required dynamic performance in four quadrants. Built with all digital circuits with no further adjustment, this system is more reliable and has lower cost.
I. INTRODUCTION THYRISTOR-FED dc motors are being used increasingly in general industrial applications. To give a fast response, the antiparallel-connected three-phase full-wave thyristor dual converter usually provides four-quadrant operation. Several firing schemes employed six identical phase control units to achieve higher performance [11 -[3] . Based on analog techniques these schemes required a number of components and careful adjustments. By using a divide-by-six counter to select the firing sequence, it was able to reduce the number of components [4] . In recent years, the microprocessor technique has been applied to general dc motor control systems for higher performance [5] , [6] . The interface circuits between microprocessor controller and original firing circuit tend to increase the overall cost and decrease the advantage of microprocessor.
In this paper, a microprocessor-based firing scheme is presented. Together with software algorithm in microprocessor, the digitized ac power signals are used to find the correct firing output signals. This scheme uses less hardware components and has higher dynamic performance in four-quadrant operation.
II. SCHEME DESCRIPTION Fig. I shows the block diagram of the antiparallel-connected three-phase dual thyristor converter with the firing circuit. The complete firing circuit is given in Fig. 2 
Frequency Doubler
A monostable multivibrater is used to produce two pulses, one at the rising edge and one at the falling edge of each digitized signal. The basic circuit and waveforms of each frequency doubler are shown in Fig. 4 . Combining these sets of pulse signals, a base interrrupt signal, B. I., is obtained. The base interrupt signal, B. I., has a frequency six times that of the ac source, as shown in Fig. 3(g) . The interrupt signal occurs at each of phase angles, 00, 600, 1200, 1800. 2400, and 3000 of the ac source. A new firing cycle is started at the falling edge of the base interrupt signal, B.I.. the other group are not allowed to be fired to avoid shortcircuit damage.
Protection
The protection of overall system can be checked by hardware as well as by the microcomputer. The protection features in the microcomputer include: the failure of any phase of ac source by 'PA, 4PB, and 'PC inputs, the crossover condition and current failure by JP and JN inputs. The multilevel protection increases the reliability of the overall system. III. RESULTS OF EXPERIMENT A 0.5-kW permanent magnet dc motor (90 V, 15 A, 3000 rmp) is driven by the antiparallel-connected three-phase thyristor dual converter described above. The complete experimental setup is shown in Fig. 10 . The waveforms of arma- ture voltage and armature current are recorded by a storage oscilloscope. The microcomputer is programmed to provide a sequence of firing angles. Define An" as a firing angle of n°f or positive current control, and Bn°as a firing angle of no for negative current control. Fig. 1 shows the waveforms under various firing conditions. These include the continuous current mode ( Fig. 1 l(a) ) and discontinuous current mode, the norrnal region and regeneration-braking region ( Fig. 11 (e) and (f)). Fig. 12 , the firing angle is set as a sequence of accelerations and decelerations in both directions. Fig. 12(a) shows the response with regeneration braking capability. Fig. 12(b) shows the response without regeneration braking. The decelerating capacity is very good for the case that the regeneration braking is used as compared to the case without regeneration braking. celerating capacity is still good for the case that the regeneration braking is used. Although the response of deceleration is worse than the response of acceleration, the difference be- 1) The range of firing angle is 00-1800 for both positive and negative current control and the maximum delay angle still maintains less than 600.
2) With the firing angle in the range of 1200-1800 used as the regeneration braking region, a good motor decelerating capability is achieved.
3) To check the condition of load current, the cross-over damage is protected with minimum crossover time. 4 
